Background. Recent data on the burden of hospitalization and clinic visits for rotavirus gastroenteritis are needed to support the decision to introduce rotavirus vaccine in the Philippines.
been poorly documented, because laboratory tests for rotavirus are not routinely performed in hospitals and clinics. Most of the previous epidemiological studies involving Filipino children were conducted 115 years ago. Hospital-based studies of diarrhea in children in the Philippines have reported widely varying prevalences of rotavirus (13%-69%) [5] [6] [7] [8] . One community-based cohort study conducted in [1982] [1983] [1984] in Alabang, Muntinlupa City, found rotavirus to be the third most frequently identified enteropathogen, detected in 7.8% of children aged !5 years with diarrhea [9] .
We conducted multisite, standardized surveillance in hospitals and clinics from January 2005 through December 2006 to determine the disease burden, seasonality, and clinical characteristics of moderate and severe rotavirus gastroenteritis in children aged !5 years in the Philippines. We calculated population-based rates of rotavirus to allow calculation of national disease burden estimates. Moreover, we aimed to identify the prevalent circulating strains of rotavirus in children aged !5 years. Lastly, we investigated risk factors for rotavirus disease, such as breast-feeding, waterboiling practices, and water source, which may lead to interventions complementary to vaccination.
METHODS
Surveillance of diarrhea among children aged !5 years was conducted in accordance with World Health Organization (WHO) guidelines [10] and was established in 4 hospitals and 3 health clinics in Muntilupa City, a periurban community located ∼20 kilometers south of Manila. The 4 hospitals included 2 tertiary government hospitals-the Research Institute for Tropical Medicine and Ospital ng Muntinlupa-and 2 private hospitals-the Alabang Medical Center and Muntinlupa Doctors' Clinic. Most of the Muntinlupa City population is served by one of these hospitals. The Research Institute for Tropical Medicine is an infectious disease hospital with a 50-bed capacity, whereas Ospital ng Muntinlupa is a general hospital with a 100-bed capacity. The 2 private hospitals each have 30-50-bed capacities and cater principally to paying patients of the city who come from low-to middle-income families.
The 3 participating government-run clinics-Bagong Lipunan, Bayanan, and Poblacion health care centers-are located in the most populated areas of Muntinlupa City and serve 3 of 9 barangays (satellite towns) of the city. These barangays are called Putatan, Bayanan, and Poblacion and have total populations of 82,276, 33,217, and 49,128 persons, respectively, of which 9089, 1932, and 7381 are children aged !5 years (total, 18,402 children aged !5 years).
Case definitions. Acute diarrhea was defined as у3 loose watery stools in 24 h for a duration !2 weeks. A suspected case of rotavirus diarrhea was a case occurring in a child aged !5 years who presented for treatment of acute diarrhea to one of the study clinics or hospitals. A confirmed case of rotavirus diarrhea was a suspected case in which the stool specimens demonstrated the presence of rotavirus by enzyme immunoassay.
By the inclusion criteria, we included all children aged !5 years who were residents of Muntinlupa City and who presented for care for acute diarrhea at one of the study clinics, emergency departments, or hospitals. For purposes of this study, patients were classified as admitted to a hospital if they stayed in the hospital for a minimum of 24 h.
Surveillance system. From January 2005 through December 2006, subjects were enrolled at each of the study sites during office hours on a daily basis except on Sundays. Data on demographic characteristics, clinical history, source and quality of drinking water, breast-feeding history, medication history, signs and symptoms, treatment received, and outcome were collected and recorded in a case report form. Dehydration was assessed in accordance with WHO criteria [11] . To keep track of eligible patients when the research assistants were not available at the study sites, logs of inpatient and emergency department admissions and consultations were surveyed daily to ensure that every possible eligible case was recorded in the project logbook. The death registry of the city health office was checked on a weekly basis to determine whether any eligible subject who presented for care might have subsequently died of diarrhea. All available clinical and laboratory information on fatalities were collected and included, among other information, the date of death, final diagnosis, and hydration status.
Specimen collection and testing. Approximately 5 mL of stool was collected from each enrolled patient on the day of presentation to the hospital or clinic or within the first 48 h of the hospital stay. Rectal swab specimens were collected from patients who were unable to submit a whole stool specimen. All specimens were transported to the reference laboratory within 4 h after collection. All stool specimens were tested for rotavirus by enzyme immunoassay (IDEIA Rotavirus; DakoCytomation) at the Antimicrobial Resistance Surveillance Reference Laboratory of the Research Institute for Tropical Medicine. All stool samples were tested for bacteria and parasites by routine microscopy and aerobic culture (excluding tests for toxigenic Escherichia coli) after arrival at the Antimicrobial Resistance Surveillance Reference Laboratory. All specimens for rotavirus immunoassay were stored at Ϫ20ЊC until testing was performed.
Rotavirus strains detected in stool specimens were characterized for G and P genotypes by reverse-transcriptase polymerase chain reaction in accordance with previously published methods [12] . G and P genotyping of strains detected in 2005 was performed at the enteric virus research laboratory, Murdoch Childrens' Research Institute (Melbourne, Australia). Typing of strains detected in 2006 was performed at the Antimicrobial Resistance Surveillance Reference Laboratory, with 10% of strains and all nontypeable strains sent to the Murdoch Childrens' Research Institute for purposes of quality control and confirmation.
Rate of rotavirus disease. To estimate the rate of different rotavirus disease outcomes among children aged !5 years in the 3 barangays, we performed the following steps. First, we took the percentage of all children for each outcome (hospitalization, emergency department visit, or clinic visit) who provided whole stool specimens that tested positive for rotavirus. For this analysis, we excluded patients from whom only rectal swab specimens had been collected, because we found testing of these specimens to be less sensitive at detecting virus. We then compared these outcome-specific rotavirus-positive percentages with those from the subset of children who were residents of the 3 barangays and found these percentages to be almost identical. We then applied the percentages of rotaviruspositive whole stool specimens collected from all children enrolled in the study to the number of children residing in 1 of the 3 barangays who presented for care and were eligible for enrollment. This gave us the number of rotavirus cases among children aged !5 years from the 3 barangays who were admitted for diarrhea or who visited a clinic or the emergency department during the 2 study years. We divided by 2 and by the population of children aged !5 years in those barangays (18, 402 ) to give annual rates of hospitalization and of clinic and emergency department visits per 100,000 children. To ensure that the subset of enrolled children was not a biased sample of eligible children, we compared median ages of eligible and enrolled children and found them to be the same (median age, 13 months).
Because diarrhea-related deaths are infrequent in hospitals, surveillance in these settings cannot give a good estimate of mortality. We therefore turned to the city death registry for the number of deaths due to acute diarrhea in the 3 barangays during the study period and applied the rotavirus-positive percentage among children hospitalized for diarrhea to these diarrhea-related deaths.
To estimate the national burden of rotavirus disease, we used data from the 2003 Philippine National Demographic and Health Survey, which projected the 2003 population of children aged !5 years (estimated from the 2000 population census) to be 11,211,765 [13] . We then applied the annual rate of rotavirus-related hospitalizations, clinic and emergency department visits, and deaths to this population to arrive at national estimates of rotavirus disease burden.
Data entry and analysis. Data were double entered from all case report forms into a custom-made data-entry program using Microsoft Access. The data management program included error and consistency checks. Statistical analysis was performed using Stata, version 7 (Stata Corp). 
RESULTS
Of 4198 children who were eligible for enrollment, 2946 (70%) were enrolled and provided a specimen for rotavirus testing. The percentage of enrolled patients with specimens from among the eligible patients was similar for each year of surveillance-72% (1352/1889) in 2005 and 69% (1584/2309) in 2006. Rotavirus antigen was identified in 618 (21%) of the 2946 specimens (stool or rectal swab specimens) tested from all settings; the percentage of rotavirus-positive specimens was the same for both years of the study. Rotavirus was detected in whole stool specimens significantly more often than in rectal swab specimens (26% vs. 16%).
The percentages of rotavirus-positive cases occurring in hospitalized children and in children in the emergency department were similar (30% vs. 30% for whole stool specimens; 26% vs. 26% for rectal swab specimens) and were higher than the percentage occurring in children seen at clinics (15% for whole stool specimens; 13% for rectal swab specimens) ( Table 1) .
The cumulative percentage of rotavirus-positive cases occurring in children was 30% by age 11 months and 77% by age 23 months. The prevalence of rotavirus diarrhea among both outpatients and inpatients was highest among children aged 3-5 months (30%), followed by children aged 12-23 months (26%) ( Table 2 ). The prevalence of rotavirus gastroenteritis among admitted patients with diarrhea by age group was as follows: age 0-2 months, 18%; age 3-5 months, 46%; age 6-11 months, 31%; age 12-23 months, 36%; age 24-35 months, 24%; age 36-47 months, 17%; and age 48-59 months, 20%.
There seemed to be a strong seasonality of rotavirus gastroenteritis whereby prevalence was higher during the cold, dry months of the year, from December through February, in both years of the study. (Figure 1 ).
Incidence and national burden of rotavirus diarrhea. The estimated annual incidence of rotavirus gastroenteritis among children aged !5 years was 755 cases per 100,000 children for outpatient visits, 451 cases per 100,000 children for emergency department visits, and 281 cases per 100,000 children for hospitalizations. No rotavirus mortality estimate was derived, because if calculations were based on the 3 documented deaths in the study population of the 3 barangays, extrapolation of these small numbers might not accurately represent the mor- (Table 3) . Clinical presentation. The mean age of rotavirus-positive and rotavirus-negative patients was 1.3 and 1.6 years, respectively ( ). Rotavirus-positive patients had significantly P ! .001 more vomiting, fever, and dehydration; required significantly more intravenous therapy; and had a higher rate of hospital admission, compared with rotavirus-negative patients ( Table  4 ). The duration of hospital stay among rotavirus-negative patients was significantly longer than that among rotavirus-positive patients (4.1 vs. 3.3 days;
). P p .002 Among all children hospitalized for diarrhea, 16 deaths were reported, of which 14 were due to severe dehydration. Of these deaths, 8 involved patients who had stool specimens submitted for rotavirus testing, none of which tested positive for rotavirus. Pathogens detected in stool specimens collected from the patients who died included Salmonella serotype Typhimurium, Salmonella group D and Campylobacter jejuni (mixed infection), Vibrio cholerae Ogawa El Tor, and V. cholerae non-01 (these pathogens were detected in 1 patient each). The mean age of all patients who died was 10.5 months, and the duration of illness ranged from 6 h to 11 days (mean, 4.6 days).
No statistically significant difference was found in the prevalence of rotavirus infection between breast-fed and nonbreast-fed patients ( ) when all children aged !5 years P p .519 were included. However, when we restricted the analysis to infants aged р6 months, we found a significantly higher prevalence of rotavirus infection among non-breast-fed infants (80 [24%] of 333), compared with among breast-fed infants ( 
[15%] of 136) (
). There were no statistically significant P p .04 differences in prevalence by various water sources (pipe, well, deep well, and rainwater) or by whether water was routinely boiled.
Rotavirus genotypes. Sufficient material from 274 rotavirus-positive stool specimens was available for G typing; 224 (82%) of the 274 were successfully typed. From these 224 strains, there was enough material to attempt P typing of 210 (94%), and we successfully P typed 128 of these. Fifty (18%) of the 274 rotavirus specimens remained untypeable for both G and P types. Of the 224 characterized G types, G2 and G3 were the most common (34% and 48% of strains, respectively), followed by G1 (9%) and G4 (7%). One G8 and 2 G9 strains were detected. The most common P types were P4 (33%) and P8 (44%). One other P type, P [6] , was found in 1 strain. Of the 128 strains with both G and P types, the most common were G3 Table 5 ). The genotype distribution was similar for each year of the study (data not shown).
Other enteropathogens. Mixed infections (with rotavirus and another microorganism) accounted for 94 (20%) of 466 rotavirus-positive cases, including infections with rotavirus and bacteria (56), rotavirus and parasite (32), or rotavirus and both bacteria and parasite (6) . Among the 56 mixed infections with bacteria and rotavirus, the bacteria were Aeromonas species (28), Salmonella species (15) 
DISCUSSION AND CONCLUSIONS
Our study confirms that rotavirus gastroenteritis is a major cause of hospital admissions, emergency department visits, and clinic visits in the Philippines. We estimate that, each year in the Philippines, rotavirus causes ∼84,590 clinic visits, 50,565 emergency department visits, and 31,498 hospitalizations among children aged !5 years. Moreover, rotavirus was more severe than other etiological agents of diarrhea, causing more vomiting, fever, and dehydration and the need for more treatment with intravenous fluids and was more likely to lead to hospitalization. Rotavirus gastroenteritis affected Filipino children early in life, as evidenced by the fact that 77% of episodes requiring health care occurred by age 23 months. The peak prevalence of infection occurred among children aged 3-5 months. The high prevalence of rotavirus gastroenteritis among this younger age group is consistent with previous findings from developing countries [14] . Although situated in the tropics, the Philippines appears to have seasonal peaks of rotavirus disease, with more cases occurring during the cool, dry months of December through February, which is consistent with what has been reported in other countries in the region [15] [16] [17] . The circulating rotavirus strains detected in this surveillance system were the common global types for which vaccines have been shown to be effective [3, 4] . We found that the G3 genotype was the most common (48% of strains), and G1 accounted for only 9% of typed strains, representing a shift from 1995-1998, when studies conducted in Muntinlupa City found a predominance of G1 infections (60.7%) (S. Urasawa, personal communication). Although vaccines are likely to be effective against both G1 and G3 strains, this shifting prevalence of genotypes from year to year and the fact that 50 (18%) of 274 rotavirus samples could not be G or P typed highlight the importance of continued strain surveillance. Whether these untypeable strains represent novel or unusual strains is unclear and requires further study, especially because they may represent strains against which vaccines may not be effective. We also provide evidence that enteropathogen isolation rates are higher for stool specimens, compared with rectal swab specimens, as has been previously demonstrated and which confirms that whole stool specimens should be collected for rotavirus surveillance [18] . The prevalence of rotavirus gastroenteritis among patients in the emergency department and hospitals in this study (30%) was slightly higher than that in previous studies conducted in the Philippines, for which the mean prevalence was 22% [5] [6] [7] [8] [9] . However, the prevalence was lower than that in many countries in the region that have regularly reported prevalence rates of 40%-50% in recent years [19] . The estimated annual incidence of rotavirus-related hospitalizations of 281 per 100,000 children (cumulative risk of hospitalization by age 5 years, 1 in 72) in this study is lower than that in some developing countries, such as Vietnam (370 hospitalizations per 100,000 children) [20] and India (337 hospitalizations per 100,000 children) [21] , and is similar to that in developed countries, such as the United States (274 hospitalizations per 100,000 children) [22] , Europe [23, 24] , and Argentina [25] .
Few data have been reported on the prevalence and incidence of rotavirus diarrhea for outpatient visits. Our results are similar to reported prevalences of 10%-15% in developed countries [26] and 12% in Thailand [27] . However, some studies have reported prevalences of 28% in India [28] and 41% in China [17] . The incidence for outpatient visits (755 cases per 100,000 children) was lower than an estimate from Vietnam (1660 cases per 100,000 children) [20] , which was based on a rotavirus prevalence of 28% among outpatients in a study conducted in China [28] . The very few diarrhea-associated deaths in the study area are consistent with the downward trend in diarrhearelated mortality in the Philippines, attributed to improved case management in health care facilities [29, 30] . However, these data from one urban area of the Philippines may not be representive of the whole country.
The absence of a statistically significant difference in prevalence of rotavirus infection among patients with different water sources reinforces the idea that safer water will not substantially alter the incidence of rotavirus gastroenteritis in small children. However, we did find that, among infants aged !6 months, breast-feeding was protective. This finding highlights the importance of breast milk, which contains maternal antibodies and lactadherins, which are glycoproteins that bind spe- G1  G2  G3  G4  G8  G9  G2 and G3 G1 and G3 G2 and G9 Nontypeable Total   P4  0  52  1  0  0  0  0  0  0  0  53  P 6  0  0  0  0  1  0  0  0  0  0  1   P8  11  0  56  1  0  1  0  1  1  0  71  P4 and P8  0  0  2  1  0  0  0  0  0  0  3   Nontypeable  5  0  19  7  0  0  1  0  0  50  82  Not done  4  25  29  6  0  0  0  0  0  0  64  Total  20  77  107  15  1  1  1  1  1  50  274 cifically to rotavirus and prevent cell entry [31] . The relatively high rate of hospitalizations in the Philippines, compared with other countries in the region, may suggest an increased access to hospitals or that home care of mild cases is inadequate and thus these cases progress to more serious illness. The 2003 Philippine National Demographic Survey showed that only 59% of children with diarrhea were treated with oral rehydration therapy and 22% were not given any treatment. Moreover, the volume of fluid administered to 84% of children during a diarrhea episode was less than their usual intake, despite that oral rehydration solution was given [13] . The major limitation of this study is that, although surveillance was conducted at multiple sites, they were in 1 urban area, and the results may not be representative of other parts of the Philippines, especially generally poorer rural areas. Furthermore, because rotavirus seasons vary in severity and in types of circulating strains, data for several more years would provide more-robust estimates. Lastly, the high prevalence of coinfections found in this study suggests that some illnesses attributed to rotavirus may have been in large part caused by coinfection with another pathogen.
The burden of rotavirus gastroenteritis in the Philippines remains high and is a major cause of hospitalizations and clinic visits in the country. Routine rotavirus vaccination of young children could prevent a significant proportion of this burden. Additional work is needed to refine the mortality estimates for the Philippines and to use these data to estimate the economic burden of rotavirus and the cost-effectiveness of vaccination. These efforts will assist policy makers in prioritizing rotavirus vaccination along with vaccination with other available vaccines newly introduced to many countries. Continued monitoring of rotavirus strains before and after licensure of rotavirus vaccines in the Philippines is critical to help inform the introduction of rotavirus immunization and postlicensure assessments of vaccine effectiveness. Continued education on diarrhea and appropriate home care, especially with regard to food and fluid management, needs to be improved irrespective of vaccine introduction.
